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AN ELECTROMAGNETIC SYSTEM FOR DETECTING AND LOCATING 
TRAPPED MINERS 
Jomes A. Powell 1 
ABSTRACT 
The theory of electromagnetic fields indicates such fields could be used 
to detect and locate trapped miners. To be useful, the hardware of the system 
must meet a number of requirements, including small size, intrinsic safety, 
and rugged construction. Such hardware has been built, and the system has 
been tested by the Bureau of Mines and its contractors. These tests indicate 
that the electromagnetic method provides a practical means to locate miners in 
emergencies. 
INTRODUCTION 
Soon after the radio came into comnon use, the Bureau of Mines recognized 
its potential as an aid in locating miners trapped by mine fires or explosions. 
The early experiments2 indicated that while through-the-earth electromagnetic 
(EM)communicationwas possible, the hardware requirements of a practical sys- 
tem could not be met by the technology available at that time. In 1968, 
however, the Farmington mine disaster resulted in a National Academy of Engi- 
neering recommendation3 that a postdisaster location system be developed. 
Thus, in 1970, the Bureau of Mines contracted with Westinghouse Electric 
Co. (contract H0101262)4 to develop through-the-earth communication techniques. 
lGeophysicist, Industrial Hazards and Communications (now with Sun Oil Co., 
Houston, Tex.). 
'llsley, L. C., H. B. Freeman, and D. H. Zellers. Experiments in Underground 
Communication Through Earth Strata. BuMines Tech. Paper 433, 1928, 60 pp. 
3~ational Academy of Engineering, Committee on Mine Rescue and Survival Tech- 
niques. Mine Rescue and Survival. National Technical Information Service, 
PB 191 691, 1969. 
4~estinghouse Electric Corp. Coal Mine Rescue and Survival, Volume 2, 
Communications/Location Subsystem. BuMines Open File Rept. 9(2)-72, 1971, 
258 pp.; available for consultation at the Bureau of Mines libraries in 
Pittsburgh, Pa., Denver, Colo. , Twin Cities, Minn., and Spokane, Wash. ; at 
the office of the Assistant Director--Mining and the Central Library, U.S. 
Department of the Interior, Washington, D.C.; and from the National Tech- 
nical Information Service, Springfield, Va., PB 208 267. 
Both seismic and EM methods were inves t iga t ed .  O r i g i n a l l y ,  the  EM work con- 
cen t r a t ed  on l a r g e ,  more o r  l e s s  permanently placed u n i t s  t h a t  would permit 
voice  and/or code "conversations" between the  mine and t h e  sur face .  The e a r l y  
t e s t s  and t h e o r e t i c a l  s t u d i e s  c a r r i e d  out  by J. R. Wait of  the  I n s t i t u t e  f o r  
Telecomnunication Sciences (Bureau of Mines c o n t r a c t  H0122061)" indica ted  t h a t  
a l oca t ion  system t h a t  used po r t ab le  "manpack" u n i t s  was f eas ib l e .  
I n  such a system, t h e  miners would c a r r y  a small  t r a n s m i t t e r  t h a t  would 
be ac t iva t ed  i f  the men were t rapped.  A team of r e scue r s  on the  sur face  would 
d e t e c t  the  t ransmission and would then approximately loca te  the  po in t  on t h e  
sur face  t h a t  was d i r e c t l y  above the  miners. 
Subsequent development work and t e s t s  by Westinghouse (Bureau of Mines 
con t rac t s  H0232049, H0242006, and ~ 0 2 2 0 0 7 3 ) ~  and by Bureau of Mines personnel 
SGeyer, R. G. Thru-the-Earth Electromagnetics Workshop. BuMines Open F i l e  
Rept. 16-74, 1973, 217 pp. ;  a v a i l a b l e  for  c o n s u l t a t i o n  a t  the Bureau of 
Mines l i b r a r i e s  i n  P i t t sbu rgh ,  Pa.,  Denver, Colo., Twin C i t i e s ,  Minn., and 
Morgantown, W.  Va.; a t  the  Cent ra l  Library ,  U.S. Department of t h e  I n t e r i o r ,  
Washington, D.C.; and from the  National  Technical Information Serv ice ,  
Sp r ing f i e ld ,  Va., PB 231 154/AS. 
"Fars tad ,  A.  J. Electromagnetic Location Experiments i n  a Deep Hardrock Mine. 
BuMines Open F i l e  Rept. 28-72, 1973, 54 pp.; a v a i l a b l e  f o r  consu l t a t ion  a t  
the  Bureau of Mines l i b r a r i e s  i n  P i t t sbu rgh ,  Pa . ,  Denver, Colo.,  Spokane, 
Wash., and Twin C i t i e s ,  Minn.; a t  the  Cen t ra l  Library ,  U.S. Department of 
t h e  I n t e r i o r ,  Washington, D.C . ;  and from the National  Technical Information 
Serv ice ,  Sp r ing f i e ld ,  Va., PB 232 880/AS. 
Fars tad ,  A .  J . ,  C.  F i s h e r ,  R .  F. L i n f i e l d ,  and J. W .  Allen.  EM Location 
System Prototype and Comunica t ion  S t a t i o n  Modification. BuMines Open F i l e  
Rept. 68-73, 1973, 107 pp., 44 f i g s . ;  a v a i l a b l e  f o r  consu l t a t ion  a t  the  
Bureau of  Mines l i b r a r i e s  i n  P i t t sbu rgh ,  Pa.,  Twin C i t i e s ,  Minn., Denver, 
Colo.,  and Spokane, Wash.; a t  t h e  Cen t ra l  Library ,  U.S. Department of the  
I n t e r i o r ,  Washington, D.C.; and from the  National  Technical Information 
Serv ice ,  S p r i n g f i e l d ,  Va. , PB 226 600/AS. 
Fa r s t ad ,  A.  J . ,  C.  F i s h e r ,  J r . ,  R. F. L i n f i e l d ,  R. 0 .  Maes, and B. Lindeman. 
Trapped Miner Location and Communication System Development Program. 
Volume I--Development and Test ing of an Electromagnetic Location System. 
BuMines Open F i l e  Rept. 41(1)-74, 1973, 181 pp.; a v a i l a b l e  fo r  consu l t a t ion  
a t  t h e  Bureau of Mines l i b r a r i e s  i n  P i t t sbu rgh ,  Pa.,  Denver, Colo., Spokane, 
Wash., Twin C i t i e s ,  Minn., and Morgantown, W .  Va.; a t  the  Cen t ra l  Library ,  
U.S. Department of  the I n t e r i o r ,  Washington, D.C.; and from the National  
Technical Information Serv ice ,  S p r i n g f i e l d ,  Va., PB 235 605/AS. 
L i n f i e l d ,  R. F. ,  A .  J .  Fa r s t ad ,  and C.  F i s h e r ,  Jr. Trapped Miner Location 
Development Program. Volume IV--Performance Test  and Evaluat ion of  a F u l l  
Wave Location Transmit ter .  BuMines Open F i l e  Rept. 41(4)-74, 1973, 52 pp. ;  
a v a i l a b l e  f o r  consu l t a t ion  a t  the  Bureau of Mines l i b r a r i e s  i n  P i t t sbu rgh ,  
Pa. ,  Denver, Colo.,  Spokane, Wash., Twin C i t i e s ,  Minn., and Morgantown, 
W. Va.; a t  t h e  Cen t ra l  Library ,  U.S. Department of t h e  I n t e r i o r ,  Washington, 
D.C.; and from the  National  Technical Information Serv ice ,  Sp r ing f i e ld ,  Va., 
PB 235 608/AS. 
demonstrated t h a t  t h e  system worked i n  both c o a l  and metal  mines and con- 
t r a c t s  H0133045 and H0242010 were l e t  t o  C o l l i n s  Radio Co. f o r  the  development 
of preproduction prototypes of system hardware. As of January 1975, no i n s u r -  
mountable problems have been encountered i n  e i t h e r  hardware development o r  
f i e l d  t e s t i n g  of  the u n i t s .  This paper provides a  survey of a l l  these  r e l a t e d  
developments. 
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DESCRIPTION OF THE SYSTEM 
Figure 1 shows t h e  trapped miner l o c a t i o n  system. The miner 's  cap lamp 
b a t t e r y  powers a  small  t r a n s m i t t e r ,  which genera tes  a  s i g n a l  i n  the  t ransmi t  
antenna. This s i g n a l  i s  picked up by the  r ece ive  antenna, amplif ied and f i l -  
t e r ed  by t h e  r e c e i v e r ,  and then de tec ted  through earphones. This simple 
t ransmission-recept ion i s  adequate f o r  d e t e c t i o n  of t rapped miners. To under 
s tand how loca t ion  i s  achieved,  it  i s  u s e f u l  t o  cons ider  the f i e l d s  produced 
by the  t ransmi t  antenna. 
Axis THEORETICAL CONSIDERATIONS 
This s e c t i o n  expla ins  
the  t echn ica l  d e t a i l s ;  l e s s  
t h e o r e t i c a l l y  inc l ined  
Receive Receiver r eade r s  may wish t o  sk ip  t o  
antenna the  "Location P r a c t i c e "  
sec t ion .  
* . -,, , . ,- ~, - \ ,. , /A=// %?//.>7. .A\*, ., Before proceeding, a  
% ,*N i~ $y,~//\ I d e f i n i t i o n  must be i n t r o -  
Cap lamp 
battery 
duced. The "axis" of a  c i r -  
c u l a r  antenna i s  a  l i n e  
running through the  cen te r  
of the  antenna and perpen- 
d i c u l a r  t o  t h e  plane of the  
c i r c l e .  Hence, i n  f i g u r e  1, 
the  a x i s  of the  received 
antenna i s  through t h e  cen- 
t e r  of  the  antenna and pe r -  
pendicular  t o  t h e  plane of 
Electromoqnetic the  f igu re .  
transmitter Transmit 
antenna 
The t ransmi t  antenna 's  
FIGURE 1. - Schematic of EM location system. f i e l d  i s  shown i n  f igu re  2A. -The s o l i d  l i n e  r ep resen t s  

the  antenna, which is  a  c i r c u l a r  loop of wire ly ing  i n  t h e  ho r i zon ta l  plane. 
The dashed l i n e s ,  which a r e  r e f e r r e d  t o  as  f l u x  l i n e s ,  r ep resen t  t h e  f i e l d  
produced by t h i s  antenna. The i n t e n s i t y  of t h e  s i g n a l  on a  loop r ece ive  
antenna i s  propor t ional  t o  the number of the  f l u x  l i n e s  t h a t  pass  through the 
loop. The f l u x  l i n e s  tend t o  be concentrated d i r e c t l y  above the  cen te r  of t h e  
t ransmit  antenna,  and t o  be l e s s  dense as  d i s t ance  from t h i s  cen te r  poin t  
increases .  Thus, i n  f i g u r e  2B, a  maximum s i g n a l  on t h e  v e r t i c a l  a x i s  r ece ive  
antenna i s  expected when t h a t  antenna i s  a t  p o s i t i o n  1 ;  t h a t  i s ,  when i t  i s  
d i r e c t l y  above t h e  cen te r  of t h e  t ransmi t  antenna. A s  t h e  r ece ive  antenna i s  
moved away from the  cen te r  p o i n t ,  f o r  example, p o s i t i o n  2 ,  t h e  s i g n a l  becomes 
weaker. 
The s i t u a t i o n  i s  somewhat d i f f e r e n t  i f  t h e  rece ive  antenna i s  r o t a t e d  90' 
so t h a t  i t s  a x i s  l i e s  i n  a  v e r t i c a l  plane which passes through t h e  cen te r  of 
t h e  t ransmi t  antenna. D i rec t ly  above t h e  cen te r  of t h e  t ransmi t  antenna, a t  
pos i t i on  1 of f i g u r e  2C, the  r ece ive  antenna i s  p a r a l l e l  t o  the  f l u x  l i nes .  
Hence, no f l u x  l i n e s  pass  through the  r ece ive  antenna, and no s i g n a l  i s  
received.  A t  po in t s  away from t h e  cen te r  p o i n t ,  f o r  example, a t  p o s i t i o n  2 of 
f i g u r e  2 C ,  t h e  f l u x  l i n e s  a r e  no longer v e r t i c a l .  The f l u x  l i n e s  now pass 
through t h e  r ece ive  antenna, and a  s i g n a l  i s  received.  A s  t h e  r ece ive  antenna 
i s  moved s t i l l  f a r t h e r  away, f l u x  l i n e s  become l e s s  dense and the  s i g n a l  
becomes weaker. 
Figure 3 graph ica l ly  summarizes these  phenomena. A s  f i g u r e  3A_ shows, we 
again assume the  t ransmi t  antenna i s  a  c i r c u l a r  loop ly ing  i n  t h e  ho r i zon ta l  
plane. S igna l  s t r eng ths  a r e  measured along a  ho r i zon ta l  su r face  above the  
t r ansmi t t e r .  The r ece ive  antenna i s  loca ted  on t h i s  su r face  a  d i s t ance  d  from 
the su r face  po in t  d i r e c t l y  over the  c e n t e r  of t h e  antenna. 
Figure 3B shows v e r t i c a l  f i e l d  s t r e n g t h  (which i s  t h e  s t r e n g t h  of t h e  
s i g n a l  de tec ted  on a  v e r t i c a l  a x i s  r ece ive  antenna) versus  d. The s i g n a l  
s t r eng th  peaks d i r e c t l y  over t h e  cen te r  of t h e  t ransmi t  antenna, and then  
drops o f f  a s  d i s t ance  from t h i s  poin t  increases .  The ho r i zon ta l  f i e l d  ( t h a t  
de tec ted  on a  ho r i zon ta l  a x i s  r ece ive  antenna and shown i n  f i g u r e  35) i s  a  
minimum a t  t h i s  cen te r  po in t ,  i nc reases  wi th  d i s t ance  t o  some c r i t i c a l  po in t ,  
and then decreases.  
So f a r  we have assumed t h a t  the  h o r i z o n t a l  a x i s  of  t h e  r ece ive  antenna 
was i n  t h e  plane conta in ing  the  cen te r  of t h e  t ransmi t  antenna. I n  f i g u r e  4 ,  
which i s  a  t op  view of t h e  f l u x  l i n e s ,  t h e  antenna with o r i e n t a t i o n  1 s a t i s -  
f i e s  t h i s  condi t ion .  That f i g u r e  a l s o  i n d i c a t e s  t h a t  an antenna with i t s  a x i s  
ho r i zon ta l  and perpendicular  to  the  f l u x  l i n e s  ( o r i e n t a t i o n  2) does not  c u t  
any f l u x  l i nes .  Hence, no s i g n a l s  a r e  received a t  such an o r i e n t a t i o n .  
1 Orientotion 2 LOCATION PRACTICE 
\ I 
\ I The f i r s t  problem i n  
\ I l o ca t ing  t h e  s i g n a l  source 
\ \ I i s  t o  d e t e c t  a  s igna l .  A t  \ \ '  / any given po in t  t h e r e  i s  a n  \ / / o r i e n t a t i o n  of t h e  rece ive  
/ Orientotion 1 antenna which g ives  maximum 
s i g n a l ;  t h i s  occurs  when the  
a x i s  of t h e  antenna i s  pa r -  
e l l e l  t o  t h e  f l u x  l i n e s .  
This most favorable o r i e n t a -  
/ t i o n  i s  a  func t ion  of the  ' / \ l oca t ion  of t h e  t r a n s m i t t e r ;  / \ 
/ \ hence it i s  unknown. A t  
/ \ most po in t s  w i th in  t h e  range 
/ 
/ I \ \ \ of t h e  system, however, o r i -  
/ 1 \ en t ing  the  a x i s  of  the  
/ I \ r ece ive  antenna v e r t i c a l l y  
\ 
gives  an adequate s igna l .  
I Hence, when i n i t i a l l y  search-  ing fo r  a  trapped miner,  t h e  
r ece ive  antenna i s  o r i en ted  
FIGURE 4. - Top view of flux lines. so t h a t  i t s  ax i s  i s  v e r t i c a l .  
Once a  s i g n a l  i s  de t ec t ed ,  l oca t ion  can  begin. The r ece ive  antenna i s  
o r i en ted  so t h a t  i t s  ax i s  i s  ho r i zon ta l .  Thus, with the  ax i s  i n  t h e  h o r i -  
zon ta l  plane,  t h e  rece ive  antenna i s  r o t a t e d .  Let  us de f ine  the  v e r t i c a l  
plane conta in ing  both the  t ransmi t  and r ece ive  antenna a s  t h e  " c r i t i c a l "  
plane. When t h e  a x i s  of t h e  r ece ive  antenna i s  i n  t h i s  c r i t i c a l  p lane ,  a  max- 
imum s i g n a l  i s  r ece ived ;  t h a t  i s ,  when t h e  antenna i s  i n  o r i e n t a t i o n  1 of 
f igu re  4. When t h e  a x i s  of t h e  r ece ive  antenna i s  perpendicular  t o  t h e  c r i t i -  
c a l  plane ( o r i e n t a t i o n  2 of f i g u r e  4 ) ,  a  minimum s i g n a l  i s  received.  
Figure 5 i l l u s t r a t e s  the procedure. I n  5A the  man is searching f o r  the  
s i g n a l .  The 18-inch-diameter loop i n  h i s  hands i s  t h e  r ece ive  antenna; i n  
f i g u r e  5A t h e  antenna a x i s  i s  v e r t i c a l .  I n  5 B  he has o r i en ted  the  r ece ive  
antenna s o  t h a t  i t s  a x i s  i s  i n  t h e  c r i t i c a l  piane and a  peak s i g n a l  i s  
received.  I n  f i g u r e  5C the  a x i s  i s  perpendicular  t o  t h e  c r i t i c a l  plane so no 
s i g n a l  i s  received.  T K ~  lower por t ions  of f i g u r e s  5B and 5s show t h e  top 
views a t  t hese  l a t t e r  two o r i e n t a t i o n s .  
I n  p r a c t i c e ,  it i s  e a s i e r  t o  d e t e c t  t h e  o r i e n t a t i o n  where the  s i g n a l  d i s -  
appears than  t h e  o r i e n t a t i o n  where t h e  s i g n a l  peaks. Thus, t h e  searcher  
r o t a t e s  the  antenna t o  f ind  a  minimum s i g n a l  and determines t h e  c r i t i c a l  plane. 
He s i g h t s  down the antenna plane wi th  t h e  e a r t h ' s  surface.  He then moves 
about 20 yards perpendicular  t o  t h e  c r i t i c a l  plane and r e p e a t s  the  process.  
The i n t e r s e c t i o n  of t h e  two c r i t i c a l  planes conta ins  t h e  cen te r  of t h e  t r a n s -  
m i t  antenna. On the  su r face ,  t h i s  i n t e r s e c t i o n  of planes is t h e  po in t  where 
the  two imaginary l i n e s  c ross .  F igure  6 i l l u s t r a t e s  t h i s  p r inc ip l e .  
5 A  , 58 5 C  
SEARCH LOCATE 
Antenna axis vertical Antenna axis horizontal Antenna axis horizontal 
and in critical plane and perpendicular 





FIGURE 5. - Determining "critical 
D i rec t ly  over t h e  cen te r  of t h e  t ransmi t  antenna, no s i g n a l  i s  received 
when t h e  a x i s  of  the  r ece ive  antenna i s  h o r i z o n t a l ,  because r ega rd le s s  of  what 
ho r i zon ta l  d i r e c t i o n  the  a x i s  i s  poin t ing ,  the  r ece ive  antenna i s  always i n  a  
c r i t i c a l  plane. Thus, t o  g e t  an exact  l oca t ion ,  the  rescuer  searches f o r  t h e  
poin t  a t  which he can r o t a t e  h i s  antenna (always keeping t h e  a x i s  ho r i zon ta l )  
and rece ive  a  minimum s igna l .  He should check t h i s  l oca t ion  by v e r i f y i n g  t h a t  
t h e  s i g n a l  s t r e n g t h  on a  v e r t i c a l  a x i s  rece ive  antenna i s  a  maximum. The 
loca t ion  i s  t h e  poin t  a t  which t h e  v e r t i c a l  a x i s  antenna s i g n a l  peaks and a l l  








/ Much of t h e  preceding 
Position 1 / d i scuss ion  concerns loca t ion  
/' 
Receive antenna when /' theory.  This s e c t i o n  d i s -  - ------- 3f. -------- First cus ses  t h e  p r a c t i c a l  prob- 
m i n ~ m u m  s~gnal received // plane 
/ Center of l e m s  of developing u s e f u l  , transmit antenna hardware f o r  t h e  system. 
The most demanding hard- 
ware requirements a r e  those 
f o r  the  t r ansmi t t e r .  This 
u n i t  must be r e a d i l y  a v a i l -  
a b l e  t o  a miner whenever 
FIGURE 6. - Location procedure (top view). and wherever the  emergency 
occurs.  Such a v a i l a b i l i t y  
i s  assured only i f  t h e  miner c a r r i e s  t h e  t r a n s m i t t e r  wi th  him a t  a l l  times. 
Hence, t h e  u n i t  must be small  and l ightweight .  
Emergencies a r e  uncommon even t s ,  s o  any given u n i t  w i l l  be used r a r e l y ,  
if ever.  However, t h e  u n i t  must work t h a t  one time i t  i s  needed. An 
FIGURE 7. - Preliminary version of manpack location transmitter i n  separate package. 
e x t r e m e l y  r e l i a b l e  u n i t  i s  
r e q u i r e d .  Anything c a r r i e d  
by a  miner  i s  s u b j e c t  t o  
c o n s i d e r a b l e  wear and a b u s e ,  
s o  t h e  t r a n s m i t t e r  must b e  
v e r y  rugged.  
Such a  u n i t  e x i s t s .  
The t r a n s m i t t e r  i s  i n t r i n s i -  
c a l l y  s a f e .  I t  c a n  be 
encased  i n  a  1 .4-  by 0 .35-  
by 3 .45- inch  molded package.  
Thus encased ,  i t  c a n  be 
shocked,  immersed i n  w a t e r ,  
s u b j e c t e d  t o  t e m p e r a t u r e  
ex t remes ,  e t c . ,  w i t h  no 
damage. 
Two a n t e n n a  t y p e s  have 
been t e s t e d .  Under f a v o r -  
a b l e  c o n d i t i o n s  t h a t  w i l l  be 
d e f i n e d  l a t e r ,  a  9 0 - f o o t  
c o i l  o f  No. 16  w i r e  i s  ade -  
q u a t e .  An a n t e n n a  t h i s  s i z e  
weighs a b o u t  h a l f  a  pound; 
i t  c a n  be p u t  i n t o  an  e a s y -  
FIGURE 8; - Preliminary version of manpack location t o - c a r r y  package.  
transmitter, b u i l t  into cap lamp battery. 
An a l t e r n a t i v e  i s  t o  
u s e  a  p r e v i o u s l y  i n s t a l l e d  
an tenna .  I n  most c o a l  mines t h i s  would be s e v e r a l  hundred f e e t  o f  No. 10 o r  
No. 12  w i r e  wrapped around a  p i l l a r  o f  c o a l .  I n  a n  emergency, any a v a i l a b l e  
w i r e  c a n  b e  used.  
A problem t h a t  becomes i n c r e a s i n g l y  r e l e v a n t  a s  we approach  implementa-  
t i o n  of a  p r a c t i c a l  sys tem i s  t h e  packaging o f  t h e  t r a n s m i t t e r  and a n t e n n a .  
We have s t u d i e d  a  s e p a r a t e  u n i t  ( f i g .  7 )  and u n i t s  packaged i n  t h e  m i n e r ' s  cap  
lamp b a t t e r y  ( f i g s .  8 and 9 ) .  C o n s i d e r a b l e  a t t e n t i o n  i s  g i v e n  t o  u s i n g  s t u r d y ,  
r e l i a b l e  s w i t c h e s  and c o n n e c t o r s  i n  t h e s e  u n i t s .  

The t r a n s m i t t e r  i s   ower red by t h e  m i n e r ' s  cap Iamp b a t t e r y .  A f u l l y  
charged b a t t e r y  w i l l  power t h e  t r a n s m i t t e r  f o r  over  a  day. Even a t  t h e  end of  
a n  8-hour s h i f t ,  t h e  b a t t e r y  should  have enough power t o  d r i v e  t h e  u n i t  f o r  
a n o t h e r  8 hours.  
The r e c e i v e r  p r e s e n t s  fewer problems. We have developed a  s t u r d y ,  f i e l d -  
worthy u n i t .  S i n c e  i t  may be  u s e f u l  t o  t a k e  t h e  r e c e i v e r  i n t o  a  mine,  i t  i s  
i n t r i n s i c a l l y  s a f e .  A s  shown i n  f i g u r e  1 0 ,  t h e  t o t a l  r e c e i v e  sys tem c o n s i s t s  
of a  loop a n t e n n a  abou t  18 i n c h e s  i n  d i a m e t e r ,  a t u n i n g  u n i t  which can  be 
c a r r i e d  on t h e  r e s c u e r ' s  b e l t ,  and a headse t .  A s  f i g u r e  11 i n d i c a t e s ,  t h e  




FIGURE 10. - Preliminary version o f  receive unit. 
FIGURE 11. - Us ing receive unit shown in  f igure 10. 
SYSTEM REFINEMENTS 
Previous sec t ions  have ou t l ined  how t h e  EM loca t ion  system works and 
described t h e  b a s i c  hardware f o r  t h a t  system. I n  p r a c t i c e ,  c e r t a i n  problems 
a r e  encountered wi th  such a b a s i c  system, and c e r t a i n  refinements a r e  use fu l .  
For example, cons ider  t h e  s i t u a t i o n  i n  which more than one group of 
miners i s  trapped. W i l l  t h e i r  t r a n s m i t t e r s  i n t e r f e r e  wi th  one another ,  making 
loca t ion  impossible? This problem can be avoided by ass igning  each group of 
miners a d i f f e r e n t  t r a n s m i t t e r  frequency; gene ra l ly  t h e  b e s t  f requencies  t o  
use  a r e  those midway between 60-Hz harmonics i n  the  1,000- t o  3,000-Hz band; 
t h a t  i s ,  1,050 Hz, 1,110 Hz, 1,170 Hz, . . . 2,910 Hz, 2,970 Hz. Thus, we 
have a 33-channel system. Each t r a n s m i t t e r  i s  f ixed  t o  one frequency. A 
tunable  r ece ive r  f o r  su r face  use i s  being b u i l t .  
A second problem i s  t r y i n g  t o  determine i f  a r ecep t ion  i s  t h e  s i g n a l  of a 
trapped miner,  o r  i s  j u s t  noise. Since t h e  r e c e i v e r  is  very  sharp ly  tuned, 
any r ecep t ion  ( s i g n a l  o r  noise)  t h a t  passes through t h e  tuning sec t ion  t o  the  
earphone w i l l  have t h e  same frequency. However, c o n t r o l l i n g  t h e  r a t e  and 
dura t ion  of the t ransmi t ted  s i g n a l  provides a way t o  d i s t i n g u i s h  a s i g n a l  from 
noise.  A pulse about 0.2 second long t ransmi t ted  every 2 seconds i s  optimum 
f o r  loca t ion  work. This means the  r ece ive r  earphone w i l l  emit a sho r t  ''beep'' 
every 2 seconds. I t  is extremely u n l i k e l y  t h a t  a noise  source would show such 
a uniform cycle.  The i n t e r m i t t e n t  tone means t h e  t r a n s m i t t e r  i s  switched on 
only 10 percent  of t h e  time. This extends t h e  b a t t e r y  l i f e  t o  the  24 hours 
mentioned above. 
So f a r ,  we have implied t h a t  the  rescuer  must walk over t h e  trapped men 
before  they can be located.  But what happens a t  a l a rge  mine which i s  spread 
over t ens  of square mi les  and may be covered by heav i ly  wooded mountains? To 
search  such an a r e a  on foo t  could take  s e v e r a l  days. Thus, we have developed 
a hel icopter-borne r ece ive r  ( f i g .  12). This u n i t  enables  us t o  monitor s i x  
d i f f e r e n t  frequencies  a t  once while  f l y i n g  over t h e  area.  The f i n a l ,  most 
accura te  loca t ion  must s t i l l  be done on f o o t ,  but  t h e  men can be approximately 
located from t h e  a i r .  
The loca t ion  system could be very u s e f u l  i n  an emergency, but  a t r u e  two- 
way comunica t ion  system would be even b e t t e r .  For t h i s  reason a combination 
vo ice  receiver-code t r a n s m i t t e r  i s  being developed f o r  use i n  t h e  miner 's  
u n i t .  It w i l l  be r e c a l l e d  t h a t  t h e  l o c a t i o n  t r a n s m i t t e r  i s  turned on only  
about 10 percent  of the  time. With the voice  r e c e i v e r ,  t h e  trapped miner 
would l i s t e n  f o r  voice  messages from t h e  rescue  crew during t h e  remaining 
time. A continuous t ransmi t  switch w i l l  be added t o  t h e  miner 's  u n i t  so t h a t  
he can send coded r e p l i e s  t o  ques t ions  asked by t h e  rescuers .  Test ing of t h i s  
system should begin i n  1975. 
FIGURE 12. - Helicopter receiver. 
F IELD TESTS 
As t a b l e  1 i n d i c a t e s ,  t h e  system has been t e s t e d  a t  a  v a r i e t y  of mines, 
both coa l  and hardrock, throughout the  United S ta t e s .  I n  these  t e s t s  a  number 
of experiments with var ious  antennas, t r a n s m i t t e r  t ypes ,  e t c . ,  were conducted. 
The most important f a c t  about these  t e s t s ,  however, i s  t h a t  the  system has 
performed we l l  a t  a l l  these  mines. 
A t  both the  mines wi th  more than 2,000 f e e t  of overburden (Grace and 
Galena) t h e  f i e l d s  were severe ly  d i s t o r t e d  by e l e c t r i c  conductors i n  or  above 
the  mine. A t  these  mines, no loca t ion  was at tempted;  i t  was simply noted t h a t  
s i g n a l s  could be detected.  A t  the o ther  mines t h e  Locations of s eve ra l  d i f -  
f e r e n t  t r a n s m i t t e r s  were determined. A l l  l oca t ion  e r r o r s  were Less than 60 
f e e t ,  and most were Less than 30 f e e t .  A t  mines with l e s s  than 600 f e e t  over- 
burden, the e a s i l y  c a r r i e d  90-foot-long antenna i s  adequate. A t  g r ea t e r  
depths,  a  longer ,  permanently emplaced antenna i s  used. 
TABLE 1. - Mines where EM loca t ion  systems have been t e s t e d  
These r e s u l t s  were obtained under mock-emergency condi t ions .  That i s ,  
t h e  t r a n s m i t t e r  i s  deployed a t  an unknown po in t ,  and t h e  su r face  personnel do 
not  r equ i re  any "h in ts"  t o  perform t h e  loca t ion .  No f i n e  tuning,  no conversa- 
t i o n  between trapped miners and rescuers ,  and no a d d i t i o n a l  adjustments a r e  
required.  
SUMMARY AND CONCLUSIONS 
Mine 
Bureau of Mines Sa fe ty  Research. 
Rainbow No. 7.. . . . . . . . . . . . . . . . . .  
Latrobe Construction.. . . . . . . . . , .  
Inexco No. I.................... 
Camp No. 2..... ................. 
U.S. Tunnel..... . . . . . . . . . . . . . . . .  
Copper Queen. ................... 
Guyan No. I..................... 
Robena No. 1. ................... 
Putnam.. . . . . . . . . . . . . . . . . . . . . . . . .  
Somerset. ....................... 
Robena No. . . . . . . . . . . . . . . . . . . . . .  
Geneva..... . . . . . . . . . . . . . . . . . . . . .  
Grace. . . . . . . . . . . . . . . . . . . . . . . . . . .  
Galena.... ...................... 
An EM system has  been b u i l t  and t e s t e d  t h a t  permits t h e  de tec t ion  and 
loca t ion  of trapped miners. The hardware requi red  i s  compact, s tu rdy ,  and i n  
genera l  p r a c t i c a l  f o r  use i n  mines. Successful  f i e l d  t e s t s  of  the  system have 
been conducted a t  a wide v a r i e t y  of mines. 
Location 
Bruceton, Pa..... . . .  




Idaho Springs,  Colo. 
Bisbee, Ariz..... . . .  
Amherstdale, W. Va.. 
Waynesburg, Pa...... 
Elmwood, W. Va...... 
Somerset, Colo...... 
Waynesburg, Pa..... .  
Dragerton, Utah.. ... 
M o r g a n t m ,  Pa..... .  
Wallace, Idaho..... .  
Mine type 
Coal... ..... ... do...... .  
Limestone... 
Fluorspar. . .  
Coal..... . . .  
Hardrock 
tunnel .  
Copper ...... 
Coal........ ... do....... ... do.. ..... ... do...... .  ... do...... . ... do....... 
Iron.. . . . . . .  
Lead, zinc.. 
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Overburden, 
f e e t  
80 
14 0 
325 
350 
3 75 
390 
4 00 
400 
400 
460 
500 
990 
1,500 
2,400 
4,300 
